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2.  Ma terials.~nfl methods  1. , Introduction 
-It ~s .been  suggested that  3': 5'-cyclic monophos-  
p'hate (cAMP) Suct ions  asan  5ntracel!u]az mediator  
o f  gonadotroplain- induced z'teroi,dogenesis ~ ~he 
testis I ] ]- " l~s  Observer]on was st rengthened by  the 
fmdin~s that  gonad.mropmr.s s~r~utate r ,  de,ajar 
.adenyaate eyetlase [2, 3] and that  cAMP ,and 5ts.dibu- 
Wry;] flerivative i~cre.ase,fi tesiost,e~on.e synthesis .~n the 
:testis [4, 5]. F~arlhe.rmoxe, ~ddenee h~s been presen- 
• ted Nat  cAMP st imulates teroid~genesia by inereasin~ 
the  ,conversio~ o f  cho]eslerol t-o pregnenolone IS]- 
This ,~eae'tion is cata lyzed m ra~ testis by the mito- 
chondr~al cholesterol  side-chain cleavage nzymes [7] 
and ~t i,s assumed to be contro]!ed by  gonadotrophic  
h:orrn.on.es [B] . . . . . .  
Recent  studies have shown ~he presence o f  a gona- 
ctotrophin-sensitive a-denylate yelase in ~al 'testis ~-  
to~hondria I9] .  "INs migh~ suggest hat  the t~op2fic 
hormone ~ets at a rnit.oehon@ah:fl locus, and fla~t 
cAMP loc~flly formed naig]zt be n~.ed  in hhe init iat ion 
of  the ~ter.oidogeNe p~hway.  The 'presen't report  is 
.. c on:cerned wi th  the su.bmitochondf i~ ].ocaliz~tion-of 
hdenyla~e~:y..elase, wi th  part icular eference ~'o ~he 
• • . -  
" . " . . .  
Human ur inary lm~iniz ing hormone (LH) ]  Og 
LU./mg,  e0ntair i ing '0.41 I;U. FSH]mg ~md human 
ufinm-v follicle stkm~af ing hormone CF~.i~, 1055 
LU. /mg,  conta in ing:~3 ].U. LH]r~g v,,ere.ge~.aeroaS]y 
~uppli,ed by  the !nsf i tuto Se,xono {Italy). Human cho-- 
rionic, gonad.otzoptfin ,(NCG) 38[30 LU. ]~g was ]mz- 
ehas.ed fr~hrn .!kapl~mn (]arael). [314] ade~losine 3':5"- 
ey,etie ~nonophosph~.l-e {spec ie  activity 27.5 C~]m_mole) 
was ~b~..~inefl f rom 1he Raclioehem'icat Cemre [Amers- 
h.an~ ]gn:gland). Tes~icutar ~s 'ae  ,w~sobtain~d f rom 
mature ;a~s (Charles River :Colvny), 6"0-80 days Nd 
wei~ .ghing 200--250g.  :The ~a~ were ki l led by  a ~harp 
blow on the head and-the ~,est.e:s were r~moved, dee~psu- 
tatefl and homog.en~.ed in.,~ce-co]d 0,25 N Seemsel  Pre- 
parat ion o f  mimeh~nf l f ia  a~_d o f  submitochondr iN  
• fractions was per formed as pre~ous]y  ~escfibed ~[ ]0].  
Treatment  o f  lhe soMcatefl rrfi't ochon0ria wSth Lu:m.o~ 
~N was omit ted,  since .~e n.On.i~nic rdeteTgent v-as. 
shown 1 O sd~bi l ize-the nzyme [9] .  Bri.efih:, ~uter  
and inne~ raitoehond~'al memb:ranes -~ere ob.~aine d b,r 
subjecSng the washed rnitochondfird pel~],ets i o  .con- 
l ro~ed osmofie ]ysis, ~ltr~sonic vibrat ion,  foHo-~,ed 
:eft'eCl.ofgonadm~oplfins ,o  ' t t~ ~mzyme. ' • .. ' • . . . .  ~ " " ~ . . . . . . .  by  d i f fe~ent la lcentnfuga~mn ~ !0 ] ,  Sub~mtochondn.~ 
"- -The present results indicate tha i  both  •outer and " . ~act i~ns were suspended inO.05 ~t T f i s -HCt  b~ffe., . 
inne~x ,~mi.tochondrial membI.anes .e6ntain adeny la te  - (pH 7.8~. Atiqu0tz (9..~--'0.2 rel) ofanitocl iondrJa] 
to  an  ~equa] Vo!Ume 
Vo~n"me:~*] , :n~in i~e, [2  ':.• ' / :  . . . .  ::-~- - . .  . ~ '~mS . . . . . . . . .  LEI~]Z~S . .  :- . • - . . . : .  -. - .- " 5 t~y ag.V.4 
[. l [0n i i r i : -~e  react ion 'was_ termin . .a tedbyadd i t ion  o f  - . "  " :- - • _ ~. ~ - --  - " i 
i i r ieN:6maee:t ie  ;acid io  g~,~.:h f inal  ,eoncent ra t i ,on ,0 f -  , "  " -,! . " " - 5%; The  cs, eli c nuc leo f i  d ~;was-is01ate d as prev io ias ly  ' ~5 . . [i 
repor ted  i~9] :and measurzdby ,~the  ~ecku~quedes,er i -  - ~'-- . .  ~ . ,  . - 
bed  by  G i lman Ii 1] ,  mod i f ied  by -us ing  cha icoa~.  - " " - ~ ~ b ""'*-~" 
-p]us:2%. . BSA I12]. :to sep;ara~e. :the bound.  ,tom the  ~ . - j -  - . .. 
" ~ In o rder . to  e~i lna le  the  p0ss lb le  . .. : . . ~ ,t ~-  . !¢,ee. r iucle ofide.. . . . . . .  . . . . .  ~_ 
mte l~e lenc  e by  excess  A . fP  ox othe~ nuele.o~hdes " . . . =:~" / " 
pxesen l  in  the  S~abmitOch~nflli;a:l ~ -ac : t l .ons  "w i th  : th 'e  . : " • "<- ! ~ I  - 
bLud ing  assay~ cA_MPwas  i so la ted  f rom th .e  : reae : t iOn  . - ' - . - 1~ _ g ~o " ~5 " 
mixture .by  bo lh  ,ehrom~ogr ,nphy  on  Numin ium o:dde :. 7 ~ ~ r_ trn~n ?
. . . , 
[13]  and  Dowex-50  resia'a ~-14]. The  resu l l s  were  
f, mand io  be  .,ident,ical ..~t.h .~h.ose obta ined  .~sing 
mi toch,on  drial membran:eS no,t eh_~'omaiographed by
.these me~hods i  P ro te in  eoneentra~t ion was determined.  
by - the  procedure  Of Lowry  el. al. [ ] 5] .  
.tT,ig, -'2, T ia~e .~ .~.s~ ~f  cAMPa~xana,~laa3on by  an  e~Ierna i le -  
~honfl~i~! r~emb~m~e in"lb.e ab;enee l-: ) and p~senee (~)  
~$ LH {20 ].V-]in~uba.~or,). The data ~.epa'esenI ~lae ~an~ O~ 
4-,6 det ernai~im*icm~. 
. . . .  -. 
3. Resu l ts  andd ise , ]ss ion  . 
. . . .  . - 
Adeny]a le  eyc]ase ~c.tivi/y. was fou~,d 'Io be  ass,:oe~- 
~'el~] with  both  out,eI  ,and firmer m~loehon.dd~fl  mern-  
bran.es @able :,t)[ The  enzfnnie ,  ac t iv i ty  .was higtaei  • " . 
in 'the ou~e~ membrane s ,ubf lnc f ion .  E_ach o f ' the  s}~b- . 
f..laction s. had  t f igher spec i f i c  ac f iv i i y  ihan  imact  
zyrne  ~emainef l  a imehed to the  meJnbtan.e  system, o f  
,fffis. e tgane l le .  T~b le2  Sumrnariz,~d the  e f fec t  o f  f .ona- 
dot loph ie  ho . rmon~ and Sod ium f l~ofi .de on  .cAMP 
accumulat ion  by  r rd l .ochondf io l  membranes  is :Nated 
f rom rat~est icu la r  fis.saae. HOG.  LH mnd.FNH; 20 1.Uo 
per  in,eubathon0 caused•an increase  in cAMP ~¢cumu-  
la t ion  (40-7 ,0%)  in the  o l i i e~ nai to :ch0ndf ia l  mern-  
m. i . t :oe~ndr la .  The  ,~ 55 0J30 g supern~tm~,twhi. ' ,eh ,~,on- 
tain,,ed the ma~x ~d the ceil s~p :(see ref. I]',O)) wa's. 
not  ,capaNe ,of C,onverting ATP  ~o ~,A3AP. The  r~.,~t~ 
m.dicaie th~t  dur ing  the  p~0ced~are used  ~ su.bfrac- 
fi.ona~te the  m~toe.h, ondr i~-~he ~deny]a~.e .cye l~e :.en- 
_ , . • • . - . .  , . 
- 3 -ab le  ~1 " . - [  " • 
Dhs l f ibu f i~  o f :ad ,en3 ' la ie  cy~lz~.e  J z  i~tact  mi  tochon,dr ia  and  
~ubm~l .~c laondN-a l . ,  " , rac t i~ns  .o f  : ra t " tes t i s  .. .. 
braae ,  whereasthe  s~me amomats  ,of the~e h~rmon#s 
. ,did not  in f luence  the  con.~=ersion o f  ATP  to  .cAMP in 
~:lhe Jnne~ mi toch .ondf ia l . rnembzane.  So .urn  f lraof ide 
was fom,ad ~,o sti'm,ul.ate the  enzyme act ivh ly  ~n.both  
-~abmi.t,oehondrial  f~acti,ens. 6- -9-£old.  The  s*dmrda- 
lo ry  ef fec~ ,of 1_~ on the  adeny la te  cyc lase  ~f  the  
~u,e~ memi~rane  subfz~e~.On was .:tfi-'ghex I!aan that  o f  
~dCG ,or I=SH~ The  nzs t  .d.eteetaM.e increase  Jn CAMP 
l.eveis.oc,cur~ed iwo  ,mAmales ~f,~,er add i t ion  o f  LH ,  
and.fl~.e pexc .entageNc le~ ove~_the control levels 
Jn,duc.ed by  :fiBs hormone (6 '0 - .75%)  was  near ly  the  
. . . . .  10  rain . ' " " .~ra l f ions , .o f~nado~ropN_ns  requ i red  to  pxoducean 
.. --7 : . . . .  7 . . . .  : : - - - " - -  : , . . .  • " " - inc rease  ~,n ,~he:adeny!ate Cyd~e,~.c, t iv i~y b ~he outex  
' ] i a Iae i  mi tDe~a6udr ia  . " - 3 .40~- ,0 . ,0~1 i~bJ ' " . , ~ . . . .  • . - " . • : . 
O~leX =eanb iane  , -7.10 -~ 0..~9 [6) " • " .- . rmto~h:oaa:.dr~.a] m.embrane  were_ N.g_he~.than:~h.ose. ..  
l nnermembzane ' , 5.2t3 -~ 0.07 f63 . .  ,eqn i re f l  ..t:o ~Lrn l l l a te  ~ enzymejn  a~a L raLact l  mi~o-  
M~trix-:÷ Cen"~ap i:155.000 g ~'~P-)0.019 '". " : . - L  ' . . -ehondr iN  pCepamt i0n  '!9] ) .[ [ .  = . . . . . . .  " . 
~ - - - ~ ~ - :  - .- .  -."- - .-  _ . 7=: : " - ~ 2 .. : • _- The:adenyla~.e cy,clase a~t~.,~'ty o f - inner  ~toc la~n- -  
The ineub£fiofi pm.c/clu~e ~na"ll, e eAMP~ssay "~ve,eealdad :. " . .dri~ m~mb~.gme:waS ~c~veted  bys6d JuaLnf luodde-but . .  
S~xas d~s~i';b,ed in ihe secfi0~ ;nNtetliodsf~:7iShi: '~denyla~e " - ' o tb  ~ ;BaOoU6-  ~ tab le  ~ :Ada i ron  i~f GTP  or  ' '  . . '~ .', " . . . . .  m . . . .  ' • ' ' ' -  ""  ". ' ' ' ' '  " " : n I " 5 g ! ' ~ . . . .  ( ' . . . .  2 ) [ '  ~ ' . . . . . .  : . -  
cyc iase  aetavny  as -expr .essed  as .  pmo~es  ~oAMP-  fo~rned/ .mg:  - . :- J TP  Whichwere 'sh0wr~ toenhance  : the  ~denv la te  - 
pr0te-in]10mifi[::incuba:fion...Riesui~sare givegfis n, ean_* SE- .  . ' .,-: --::::-,,-i;...::-:-~:.,; • i . . _  . -.- ~..:¢ ..;.-.~' :. . i . -  . - )  
' ' ' ~ ' .  - - " ~ ' . ' 4 1 ~ ' ~ _ ~  ~'~f r  ~ '~"~ ~ ; ' ~ " u ~ ' ~ ' ~ a : v ' u ~ Y ~ t / ' a ' t - %  ' "~o  ~I1  . - ' : ' . .  - :  ? ~ 5 . " ' :  . . . .  / 5 "  : "  "~ 7"  i 2 : "-: . "  . ' .  " ' .  ' -  " ; .  " " . . : .  
~.atent:heffe~.. 2:2 2; ..: :'. : .- . " :-.:. :.~ _-: .. : -  --2.:?- :. % ; " -.:.> . :  :. -: :_ . _ ]ngmased ihe  :b}as~il..icyelase acfiviW_ m ~e:mner  ~u~b- - ;: 
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dge~n : : ' :  . . T~,le 2 - . A-&knowle N - i. ' " " . . " 
g/ feet  of gona,doi~oDhins and sodium fluoride on the ad.eny- 
late .cyclase aet]~ty ,of ~nter and bane; membrane  This  s tudy  was  st-ppoxted by  Fo~d F ,onndat ion " 
subfzactions ef ra't xestiS ra3irtoc']2or~df~.~ G~:,8,.'~ ']N~I3,. 67--470. " I~  sk~qL~/l assistance ofiVL~. -• 
~{. Kaufam.an is  g reedy  appeecia*,ed.  _ 
eA~LP pmNes]~ag pzotein]].O roD4 "..~eubafion " " " " . " . 
Addi 'd~n Outex membza_ne Inne~ membrane " : 
. • . . . - 
:No ad.di:ti~an -7. If) ± ~3.,09 {6) 
Ltt  1~9 lU 
LH 2~ lTd 
HCG 18 IV 
HC'G 29 lU 
~SH ] G ItJ 
FSI I  2D IU 
NaF iO.rn/~ 
9.59 ~- D.tD (5) 
12~D e 0.,34 (5) 
8.75 -~ 0,09 [5) 
. 19.40 ~ 0.t,t3 (5 )  
:8.3e ± o.19 (4) 
: •10.70 -* 0.19 (4) 
4&50 ±0.22  (6) 
. 5.2:D ± G.,O7 {~5) 
4.90 ± 0.0:.5 {5) 
6.GO ! O.t07 {S) 
4 .50 - 0.05 (4)  
5.49 ~ 0.97 (~) 
45.60 - 0.25 (6,) 
,,7~e hOrnaOneS anti ~ndiu~ fluoride were dissolved ,~n O.D5 
~-~ T~s-_-I-ICi b~ffe; (pl-] 7.g) and  added ~o 'the incu])alion 
mixture. -Re~a,]~s a~ given ~ ra_ean ~ S~ of ~he rn~sn fetid- 
wed byAhe number o f  el~se~-at],ons i  parentheses. 
mi toehendaha l  nuernb~ane nor  a_,~ected a~s sens i t iv i ty  
, - - -  The  s~b-  to  gonad,ot roph i¢  hormonco ,  in"--~ membrane 
• f~action was sn~o, ested 1c be  the  .,lot:us o f  mi toehon-  
,drial convers ion  o f  chro]eStrerol to  ~eegneno!one  in  the  
adze~aal eo~tex  ~ t 8, 19] .  i t  is of  co  miderab le  in teres t  
tha i  fl~e a f leny!ate  cyc lase  ,~f the  k he; mitochon~ah~ 
membrane was  act ivated  by  sod ium,  f luor ide  b~t  not  
by  gonadot r ,oph ie  hermones .  The  ,data ind icate  ~hai  
~tbe prec ,edure  ~sed ',t,o %ractLonate the  n~i toehondr~ 
may have  abo l i shed  flee capac i ty  o f  g0nadot~oph ins  
to  b ind  to  i t s  receptors ,  withouta fgect ing  the  adeny-  
h ie  ,wc la~ sys tem,  
The ~esutts ~eported ,h,e~e demonst ra te  & .  presence 
o f  a,denylate yc!ase .:on both  ~oute~ mad hane~mito -  
chondri.:d' membrmn.es and  the capab i l i ty  ,of the gona-  
dotr,ophie h0~-rnones to  s:f imulate £ue enzyme atta,ehed 
tO )a]te outer  m:embrmae, s -ubf racf ion .  These  resMts  
fa r ther  suppor t  o~r  prev~.-~asfin.dings :of flee presence  
• o f  a ;g0nado~xo!~hin-sensit~ve a deny i 'a te  cyc lase  in  rat  
tes t i s  _na i toehondr ia  [9 ]  fzee of  plasma menab~ane 
and en drO~l~ta~:~llC xet icu ium [ 1:0] 
• - . . - . 
. " . . "  . .  • • . . . 
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